has drawn attention to the report of Hirsch and Kappers (1929) who suggested that the inhalation of those anaesthetic agents which are present in the air of operating rooms has an injurious effect on the health of surgeons and those who assist them. Today, almost 56 yr later, the relationship between anaesthetic agents in the air and toxicity to the staff inhaling the agents has yet to be proved conclusively (Spierdijk, 1976) .
A similar situation exists also in the dental surgery where nitrous oxide is used as a sedative agent. This is naturally of concern to the dental profession and was reviewed in depth in a recent report by an American Dental Association AD Hoc Committee (Jones and Greenfield, 1977) . The report emphasized the need for further investigation of the problem.
The present study was undertaken in a series of dental surgeries to determine the number of patients treated and the duration of administration of nitrous oxide during a typical dentist's working week, and to determine nitrous oxide contamination concentrations and the pattern of nitrous oxide contamination during this period.
MATERIALS AND METHODS

Surgeries studied
Four general dental surgeries in Johannesburg, a city 1700 m above sea level (barometric pressure 625 mm Hg) were studied (table I). A closed-plan surgery has each individual surgery as a single enclosed room within the practice. In an open plan surgery, the rooms are separated by low partitions.
In each surgery, samples of air were taken at the commencement of the day's work and then at halfhourly intervals for the next 6 h on each day of a randomly selected working week. Air samples were collected from four sites which were similar to those sampled by Burm, Spierdijk and Rejger (1976) , Whitcher (1976) and Whitcher and colleagues (1977) namely:
(i) 1 m above the floor at the level of the seated dentist's nose and over his right shoulder, with the patient in a horizontal position (breathing zone); (ii) at floor level directly below the patient's head; (iii) in the corner of the surgery furthest away from the door at a height of 1.5 m above the floor; (iv) at the air conditioner extraction vent. In addition, air samples were collected at 2-hourly intervals in the passageway outside the surgery and at the receptionist's desk at the level of her nose.
The air samples were collected by twice aspirating and expelling 20 ml of air in a gas-tight syringe, followed by the aspiration of a final 20-ml sample which was injected into a gas-tight nylon storage bag (Austin et al., 1978) . The final air sample was collected within 1 s and the sampling was completed at all sites within 2 min. The samples were transferred to a laboratory for analysis in a gas chromatograph. glass column with Poropak Q 80-100 mesh at a temperature set on 30 °C reading 50 °C, an injection temperature of 150 °C and a detector temperature of 200 °C. The TCD detector filament was at approximately 320 °C, while the helium gas flow was 25-30 cm 3 min" 1 . The sample volume was 1 ml and the concentration of each sample was determined by comparing the chromatograph peak height with that of a standard. Several standard concentrations of nitrous oxide were prepared by column dilution of medical grade nitrous oxide and were used to calibrate the gas chromatograph. The nitrous oxide standards used were checked subsequently against commercially prepared standards (Calibration Gas-Alltech Associates, Arlington Heights, 111. 60004, U.S.A.) and found to be comparable. The calibration was done daily before commencing any analyses and a suitable standard was used to check the calibration between every 10 samples analysed. The smallest detectable amount of nitrous oxide was 15 p.p.m. (v/v).
Statistical methods
The data obtained were recorded on IBM punch cards and analysed in an IBM 370/158 computer using the Statistical Package for the Social Sciences (Nie et al., 1975) . Statistical tests used were the oneway analysis of variance and Student's t test; the level of statistical significance chosen was P<Q.0\.
Relative analgesia technique
Quantiflex analgesia apparatus was used with loose-fitting nasal masks and no scavenging apparatus.
The nitrous oxide/oxygen mixture administered varied from patient to patient. Flow rates were oxygen 3-4 litre min" 1 and nitrous oxide 2-5 litre min"
1 . All patients received the gaseous mixture while in the horizontal position in an adjustable chair with the dentist seated on the right side near the patient's head.
RESULTS
Details of the number of patients treated with relative analgesia as well as the duration of nitrous oxide administration are listed in table II.
In one-man practices the technique was used three to four times more frequently than in the multiplepartner practices. As a result the total exposure time for one-man practices was from four to 13 times longer than the multiple-partner practices. In the single-man practices the mean treatment time per patient was also longer than in the multiple-man practices.
The mean nitrous oxide contamination values expressed as nitrous oxide p.p.m. (v/v) in each surgery at the various sample points are listed in table III. In calculating the mean values the positive contamination values, that is those above the gas chromatograph detection zero, were used. Zero values indicating no detectable pollution were not included in the calculations. There were variations in contamination at the different sample points in the four surgeries studied but, in general, pollution was greatest 1 m above the floor at the level of the dentist's nose, followed, in decreasing order, by the air conditioner vent, the floor beneath the patient's head "O 600. and then the peripheral air. One surgery (A. K.) had a level of contamination more than three times that of the others. The highest values recorded at each of the sample points were: dentist's nose 3643p.p.m.; on the floor, 2551 p.p.m.; in the peripheral air, 1659 p.p.m.; at the air conditioner, 1551 p.p.m. Figure 1 shows, in scattergram form, the individual nitrous oxide recordings, above zero, in each of the surgeries at the level of the dentist's nose and in the room air. The latter value is the mean value for the recordings at the air conditioner vent, peripheral air and on the floor. In all the surgeries the majority of the nitrous oxide recordings at the level of the dentist's nose were greater than the 30-p.p.m. (v/v) concentration that has been proposed as the threshold limit value (TLV) for nitrous oxide (Whitcher et al., 1975) . In surgeries A. K. and T. G. there was little difference between the recordings at the dentist's nose and in the peripheral air. In the other two surgeries, however, the number of positive recordings greater than 30 p.p.m. (v/v) were fewer in the room air than at the dentist's nose.
Contamination of the passageway was seen in four of the surgeries (table IV) and of the receptionist area in three.
DISCUSSION
This study has confirmed two points. First, that contamination with nitrous oxide was found and was greater than the 30-p.p.m. TLV (Whitcher et al., 1975) in dental surgeries in which relative analgesia is used and second, that the nitrous oxide contamination was worst at the level of the dentist's nose. This latter observation is in agreement with the findings of Millard and Corbett (1974) and Whitcher and colleagues (1977) , and can be explained by the close proximity of the dentist's face to the loosely fitting nasal mask exhaust valve and to gas exhaled through the mouth.
It is difficult to compare results from studies of nitrous oxide contamination in various investigations because of variations in air flow into the surgeries, variation in temperature and the presence of moving objects within the surgeries-the three factors that determine gas movement within a room (Bossers, 1976) . This fact is seen clearly in a comparison of our results with those of Millard and Corbett (1974) , Campbell and colleagues (1977) and Whitcher and colleagues (1977) .
A further complicating factor is the use of two sampling techniques, either simple "snatch" samples such as used in our study and those, for example, of Millard and Corbett (1974) and Burm, Spierdijk and Rejger (1976) , or the continuous sampling of Campbell and colleagues (1977) and Whitcher and colleagues (1977) . However, some comparison between the results in our study and the results of comparable time samples in Millard and Corbett's (1974) investigation is possible (table V). Our results are significantly less (P< 0.001) and are approximately one-tenth those of Millard and Corbett, thereby emphasizing the considerable variations found between surgeries.
The choice of sampling sites in studies of pollution is difficult and is always a compromise between the desirable and the feasible (Burm, Spierdijk and Rejger, 1976) . Whitcher (1976) and Whitcher and colleagues (1977) have suggested two sites for sampling. Breathing zone samples may be obtained from the area of the dentist's nose and room samples from the air conditioning exhaust pathway. The values obtained in the present study would support these suggestions.
The calculation of the mean concentrations of contaminating agents in the surgeries is also difficult. In mechanically ventilated rooms a mean can be determined usually for each sampling site, but in rooms without mechanical ventilation a constant TABLE IV. Concentrations of nitrous oxide (p.p.m. (v/v), mean ± SD) (p.p.m. (v/v) , mean ± SD) in with those of Millard and Corbett (1974) concentration of contaminating gases is not reached and a mean concentration is irrelevant (Burm, Spierdijk and Rejgers, 1976) . Mechanical ventilation of the recirculating type was present in all the surgeries investigated in this study. In determining mean pollution values from snatch samples, zero recordings (when no detectable pollution is present) may or may not be included in the calculations. We did not include these because we wished to determine the actual mean concentration of nitrous oxide present in the room. The large number of zero recordings seen in this study confirms the intermittent nature of exposure of dentists to contamination with nitrous oxide which may differ, therefore, from the more continuous exposure of operating theatre staff to contaminating gases. This study has shown considerable variation in contentrations of nitrous oxide contamination between dental surgeries. However, they appear sufficiently great to suggest the need for scavenging apparatus if the TLV of 30 p.p.m. (v/v) is accepted. More information is needed regarding the effect of nitrous oxide contamination on the dentists and their staff.
CONTAMINATION PAR LE PROTOXYDE D'AZOTE DANS LES CABINETS DENTAIRES
UTILISANT L'ANALGESIE RELATIVE RESUME On a determine les concentrations de protoxyde d'azote en differents endroits de quatre cabinets dentaires ou l'on fait appel a une methode de sedation par le protoxyde d'azote, sans expulser le gaz. Tous les cabinets etaient done contamines, la plus grande concentration etant releveeau bout du nez du dentiste et la plus faible dans l'air environnant. Le bureau de reception qui se trouve a cote des cabinets dentaires etait egalement contamine par le protoxyde d'azote. 
SUMARIO
Las concentraciones de oxido nitroso fueron determinadas en diversos sectores de cuatro consultorios dentales en que se administro sedacion con oxido nitroso sin barrido. Se comprobo la presencia de contaminacion en todos los consultorios, registrandose la mayor concentration en la nariz del dentista y la menor en el aire periferico. Tambien se descubrio cierta contaminacion en el area de recepcion contigua a los consultorios.
